We present the discovery of three z > 5 quasars in the AGN and Galaxy Evolution Survey (AGES) spectroscopic observations of the NOAO Deep Wide-Field Survey (NDWFS) Boötes Field. These quasars were selected as part of a larger Spitzer mid-infrared quasar sample with no selection based on optical colors. The highest redshift object, NDWFS J142516.3+325409, z = 5.85, is the lowestluminosity z > 5.8 quasar currently known. We compare mid-infrared techniques for identifying z > 5 quasars to more traditional optical techniques and show that mid-infrared colors allow for selection of high-redshift quasars even at redshifts where quasars lie near the optical stellar locus and at z > 7 where optical selection is impossible. Using the superb multi-wavelength coverage available in the NDWFS Boötes field, we construct the spectral energy distributions (SEDs) of high-redshift quasars from observed B W -band to 24µm (rest-frame 600Å -3.7µm ). We show that the three high-redshift quasars have quite similar SEDs, and the rest-frame composite SED of low-redshift quasars from the literature shows little evolution compared to our high-redshift objects. We compare the number of z > 5 quasars we have discovered to the expected number from published quasar luminosity functions. While analyses of the quasar luminosity function are tenuous based on only three objects, we find that a relatively steep luminosity function with Ψ ∝ L −3.2 provides the best agreement with the number of high-redshift quasars discovered in our survey.
INTRODUCTION
Understanding the evolution of quasars through cosmic time allows us to study the history of accretion of matter onto supermassive black holes in the nuclei of galaxies. In addition, quasars at high redshift provide the lighthouses needed to probe the conditions under which galaxies initially formed near the epoch of re-ionization. Samples of quasars at high redshift, however, are still quite small and most high-redshift quasar surveys are only sensitive to the most luminous examples of these objects. We know very little about the population of low-luminosity quasars at these early times.
Surveys for low-redshift quasars have been quite successful and have led to quasar samples suitable for detailed statistical studies of the evolution of the quasar luminosity function to moder-ate redshifts (Schmidt & Green 1983; Boyle et al. 2000; Fan et al. 2001b,a; Wolf et al. 2003; Croom et al. 2004; Richards et al. 2005; Barger et al. 2005; Brown et al. 2006; Jiang et al. 2006; Richards et al. 2006 ). Censuses of high-redshift objects have opened the Universe even back to the era of reionization, but the number of such objects is still small. Deep spectroscopic follow-up of idropout objects in the Sloan Digital Sky Survey (SDSS) (York et al. 2000) have found 19 quasars at z > 5.7 (Fan et al. 2001c (Fan et al. , 2003 (Fan et al. , 2004 (Fan et al. , 2005 . Zheng et al. (2000) and Chiu et al. (2005) found 7 quasars at z > ∼ 5 based on SDSS photometry which complement the 17 quasars at 5 < z < 5.4 found in SDSS DR3 (Abazajian et al. 2005) spectroscopy selected as outliers from the stellar locus (Schneider et al. 2005) . SDSS imaging, however, is relatively shallow (z AB < 20.5 mag) and thus the quasars found using SDSS photometry probe only the luminous tail of the quasar luminosity function. Furthermore, the use of optical photometry for selecting high-redshift quasars is biased against heavily reddened objects, as the observed optical flux from objects at z > 3 probes the rest-frame ultraviolet emission which is most heavily affected by dust and the strong absorption from neutral hydrogen in the intergalactic medium.
The difficulty of conducting deep, wide-area multicolor surveys has meant that only a handful of lowerluminosity sources have been reported. Stern et al. (2000) found a faint quasar (M B = −22.7) at z = 5.50 in a small area imaged approximately 4 magnitudes deeper than SDSS. A quasar at z = 5.189 (M B ∼ −23.2) was selected based on 1 Ms of X-ray imaging in the Chandra Deep Field North (Barger et al. 2002) . Djorgovski et al. (2003) imaged the field around the quasar SDSS J0338+0021 at z = 5.02 and discovered a second quasar at z = 4.96, a magnitude fainter than the SDSS detection limit (M B = −25.2). Mahabal et al. (2005) imaged the field around the z = 6.42 quasar SDSS J1148+5251 and report the discovery of a faint (M B = −24.3) z = 5.70 quasar.
Unfortunately, the number of successful searches for faint high-redshift quasars is comparable to the number of surveys with negative results. Barger et al. (2003) found no additional high-redshift quasars in the full 2 Ms imaging of the Chandra Deep Field North that were not detected in 1 Ms of observation and Cristiani et al. (2004) found no high-redshift objects based on deep Xray imaging of the Hubble Deep Field North and Chandra Deep Field South. Willott et al. (2005) in V IZ reaching 3 and 2 magnitudes deeper than SDSS, respectively, but neither survey detected any new lowluminosity, high-redshift quasars.
In this paper, we present photometry and spectroscopy of three new high-redshift (z > 5) quasars using the multi-wavelength photometry available in the NOAO Deep Wide-Field Survey (NDWFS; Jannuzi & Dey 1999, Dey et al., in prep.) Boötes field and spectroscopic observations from the AGN and Galaxy Evolution Survey (AGES; Kochanek et al., in prep) , which provides redshifts for several highly-complete samples of quasars to I AB = 22 mag, nearly 2 mag fainter than SDSS selects high-redshift objects. With our three newly discovered z > 5 quasars, we compare the number density inferred from this survey to predictions based on quasar luminosity functions in the literature. This paper is organized as follows: in §2, we summarize all the multi-wavelength photometry used in the paper and in §3 we discuss our spectroscopic observations. We compare the mid-infrared selection of quasars utilized in this work to optical criteria used in the past in §4. Finally, we place our survey in context with past studies of the quasar luminosity function and consider future high-redshift quasar searches in §5. All optical photometry presented here are corrected for foreground galactic reddening using the dust maps of Schlegel, Finkbeiner, & Davis (1998) . We use AB magnitudes for all bands (Oke 1974) , although the photometric catalogs from the NDWFS and FLAMINGOS Extragalactic Survey (FLAMEX; Elston et al. 2005) present Vega magnitudes 1 . Flux measurements from Spitzer are converted to AB magnitudes using m AB = 23.9 − 2.5 log(f ν /1µJy). Also, when quoting optical, near-infrared, and IRAC photometry, we use SExtractor (Bertin & Arnouts 1996) Survey (Jannuzi & Dey 1999) . A full description of the observing strategy and data reduction will be presented elsewhere (Jannuzi et al., in prep; Dey et al., in prep) ′′ 8. Images were flatfielded using observations of the twilight sky. For each night of observations, we stack all of the dithered z ′ -band images to produce a high signal-to-noise ratio image of the fringing pattern in the detector. This master fringe image is then scaled and subtracted from each object frame to remove the strong fringing pattern.
We calibrate the astrometry and photometry of these z ′ -band images using public imaging from the Sloan Digital Sky Survey DR4 (York et al. 2000; Adelman-McCarthy et al. 2005) . Cross comparisons between zBoötes and SDSS show a 0.
′′ 1 rms dispersion in the astrometry and a 5% scatter in the photometry for bright stars (z < 19). This 5% scatter is likely a combination of photometric calibration errors in SDSS (expected to be on the order to 2%; Ivezić et al. 2004 ) and imperfect fringe removal and flat fielding in the zBoötes imaging. Furthermore, we find that objects observed in overlapping zBoötes fields have an rms scatter of 5% in the final photometry. The astrometry between the NDWFS and zBoötes are slightly offset (∆α ≈ 0.
′′ 4, ∆δ ≈ 0. ′′ 1). When matching objects in each zBoötes field to the NDWFS catalogs, we remove the local mean astrometric offsets in both right ascension and declination from zBoötes positions, resulting in astrometry that agrees to 0.
′′ 2 rms. As the exposure times and observing conditions were variable throughout the survey field, the limiting depth of the catalog depends on location in the survey area. The typical 3σ depth is 22.5 mag for point sources in a 5 arcsecond diameter aperture. Full details of the data reduction and a full release of the z ′ -band imaging catalogs will be presented in a future data-release paper (Cool, in prep) .
FLAMEX
The FLAMINGOS Extragalactic Survey (FLAMEX) (Elston et al. 2005 ) provided some of the J and K s photometry used in this work. The Florida Multiobject Imaging Near-IR Grism Observational Spectrometer (FLAMINGOS) on the Kitt Peak 2.1m telescope was used to image 4.7 deg 2 of the NDWFS Boötes field to a limiting depth of K s,AB ≈ 21.1 detecting approximately 150,000 sources (5σ). The FLAMEX catalogs are publicly available 3 .
IRAC Shallow Survey
The IRAC Shallow Survey (Eisenhardt et al. 2004 ) observed 8.5 deg 2 of the sky in the NDWFS Boötes region at 3.6, 4.5, 5.8, and 8.0 µm with the IRAC instrument (Fazio et al. 2004) on Spitzer. This survey found ≈ 270,000, 200,000, 27,000, and 26,000 sources brighter than 5σ limits of 12.3, 15.4, 76, and 76 µJy (corresponding to limits of 21.2, 20.9, 19.2, and 19.2 AB mag) in each of the four IRAC bands (Eisenhardt et al. 2004; Stern et al. 2005 ).
MIPS Imaging
The NDWFS Boötes field was also observed at 24, 70, and 160 µm with the Multiband Imaging Photometer for Spitzer (Rieke et al. 2004) as part of the Spitzer IRS team's Guaranteed Time Observing programs (Houck et al. 2005) ; only the 24 µm photometry is considered here. The 24 µm imaging covers 8.22 deg 2 of the NDWFS Boötes field and reaches a 80% completeness limit of 0.3 mJy (Brown et al. 2006 ).
SPECTROSCOPIC OBSERVATIONS

AGN and Galaxy Evolution Survey
The AGN and Galaxy Evolution Survey (AGES, Kochanek et al., in prep) has obtained complete spectroscopic samples of galaxies and quasars using several multi-wavelength selection techniques in the NDWFS Boötes field. Spectra of ≈ 20,000 objects were taken with Hectospec, a 300 fiber robotic spectrograph on the MMT 6.5m telescope (Fabricant et al. , 2005 Roll et al. 1998) . Data reduction was completed using HSRED, a modified version of the SDSS spectroscopic pipeline. Dome flat spectra were used to correct for the highfrequency flat-field variations and fringing in the CCD, and, when available, twilight sky spectra provided a lowfrequency flat-field correction for each fiber. Each Hectospec configuration has approximately 30 fibers dedicated to measuring the sky spectrum which is subtracted from each object spectrum. Simultaneous observations of F-type stars in each configuration are cross correlated against a grid of Kurucz models (Kurucz 1993) to derive a sensitivity function for each observation, thus linking the observed counts to absolute flux units. The final reduced spectra cover the 3700Å to 9200Å spectral range at resolution R ≈ 1000.
AGES quasar target selection occurred in two stages. In the first phase of the project, AGES obtained redshifts of nearly all point sources with R AB < 21.7 mag that were either X-ray sources with 4 or more counts in the the XBoötes survey (Murray et al. 2005) or were MIPS 24µm sources brighter than 1mJy with non-stellar 24µm to J-band colors. This led to a sample of roughly 900 spectroscopically identified AGNs as well as redshifts of nearly 9000 galaxies selected using a variety of other techniques. By combining the AGES galaxy and AGN redshift samples, Stern et al. (2005) confirmed the ease with which quasars could be recognized using mid-infrared colors. In the second phase of AGES spectroscopy, we extended the optical flux limit to I AB = 22 and added IRAC color selection to our methods of identifying quasars. In detail, mid-infrared selected objects considered here were required to have [3.6] − [4.5] > −0.1 and either [3.6] < 20.8 or a detection at 5.8 or 8.0µm and be classified as point-sources in the NDWFS imaging. In AGES, targets were classified as point sources if their SExtractor CLASS STAR parameter was larger than 0.8 for at least one of the B W , R, or I-bands. The AGES mid-infrared selection cut used for point sources dispenses with the [5.8] − [8.0] color restriction given in Stern et al. (2005) which is intended to minimize the contribution of z > 1 galaxies which are not common to our optical flux limits. While we only consider the sample of point-sources selected in the mid-infrared from AGES in this paper, it is worth noting that when selecting AGN from extended source in AGES, the vertical selection cuts from Stern et al. (2005) are imposed to reduce contamination of star-forming galaxies on the AGN sample. The shift from an R-band to an I-band spectroscopic limit led to a significant increase in the number of z > 4 quasars in the AGES database, including three z > 5 objects. The second phase of AGES target selection also included a 24µm -selected quasar sample. These objects were required to be point sources, have f 24µm > 0.3mJy, and have I-band 3.
′′ 0 diameter aperture magnitudes, I 3,AB , such that I 3,AB > 18.45 − 2.5log(f 24µm /mJy). This Iband selection criterion rejects normal stars from the sample but retains AGNs. Two of the three z > 5 quasars selected based upon their IRAC colors were also selected based upon their 24µm photometry.
Auxiliary Observations
In order to augment the AGES discovery spectra, spectroscopic observations of two of the high-redshift objects discovered in this work were completed with the Multi-Aperture Red Spectrograph (MARS) on the 4-m telescope on Kitt Peak and the DEIMOS spectrograph (Faber et al. 2003 ) on the Keck-II telescope under poor observing conditions. These data were reduced using standard techniques. Also, to achieve higher quality data, two of the objects described in this paper were observed multiple times within AGES itself. Coaddition of all of the available spectra for each object was performed to improve the final signal-to-noise ratio of the data.
RESULTS
We have identified three new high-redshift (z > 5) quasars observed as part of the I AB ≤ 22 AGES spectroscopic sample. Figures 1 and 2 show the I-band finding chart and spectra for each of the three highredshift objects. Tables 1 and 2 list the observed photometry and redshifts of the three new high-redshift quasars and Table 3 shows the derived rest-frame Bband luminosity and the luminosity of each object at 1450Å. In calculating the rest-frame luminosities, we assume a power-law SED of the form f ν ∝ ν αν where α ν = −0.5. The spectra shown in Figure 2 are the coadded spectra from all the observations of each object: NDWFS J142516.3+325409 was observed three times in AGES as well as with MARS and DEIMOS, NDWFS J142937.9+330416 was observed once in AGES and with MARS, and NDWFS J142729.7+352209 was observed twice within AGES. Each of the discovered objects show the clear signature of a broad asymmetric Lyα emission line. As the signal-to-noise ratios of the final spectra are only modest, redshifts for each object were determined based upon the break in the Lyα line profile rather than on weak emission lines which are poorly detected. All magnitudes are on the AB system Quoted redshifts thus have errors of order ∆z ∼ 0.02. The quasars included in this paper were not selected with standard dropout techniques which identify objects with very red optical colors indicative of a strong spectral break. These techniques have been successful in identifying quasars at redshifts above 5 (e.g. Fan et al. 2000 Fan et al. , 2001c Fan et al. , 2003 Fan et al. , 2004 Fan et al. , 2005 Stern et stellar locus in optical color-color space making optical selection problematic. The inclusion of near-infrared photometry can break this degeneracy to some extent, but obtaining this data can be time consuming.
The high-redshift quasars studied here were all selected on the basis of their mid-infrared colors using a scheme similar to that presented in Stern et al. (2005) . In brief, quasars, with their roughly power-law spectra, have redder mid-infrared colors than z < 1 galaxies. The IRAC color-color space for AGES objects shown in Figure 3 illustrates the separation of the high-redshift objects discovered here from stars and low-redshift galaxies. We also indicate the criteria used for AGN selec-tion given by Stern et al. (2005) (dashed line) and the AGES point-source mid-infrared selection criterion (dotdashed line). Extended sources are targeted as AGN in AGES if they meet the full Stern et al. (2005) criteria. Low-redshift (z < 0.5) objects, which are predominately extended galaxies, are shown with x-marks while objects with z > 1 are marked with circles and are dominated by unresolved AGN. At [5.8] − [8.0] > ∼ 1, the locus of low-redshift galaxies clearly crosses the AGES point-source mid-infrared selection criterion but remains outside the Stern et al. (2005) selection region, illustrating the need for the separate point-source and extendedsource selection criteria used by AGES. The three highredshift quasars studied here (diamonds with error-bars) are well-separated from low-redshift galaxies throughout this color-color space. Fig. 3. -The mid-infrared colors of objects detected in the AGES spectroscopic survey. The symbol type and color denote the redshift of each object. The x-marks show the 0.01 < z < 0.5 objects in AGES. This sample is primarily composed of galaxies, although some low-redshift AGNs are also included. The empty circles (red) show objects with z > 1.0 and are dominated by AGNs. The triangles (blue) mark the location of stars in this color-color space. The filled diamonds (green) show the location of the z > 5 quasars in this color-color space. The dashed line shows the region used by Stern et al. (2005) to select AGNs. The vertical lines are used to protect against the presence of z > 1 galaxies in the AGN sample, but as galaxies at z > 1 are fainter than our optical flux limits, these cuts are not used in the AGES mid-infrared point-source quasar selection shown by the dot-dashed line. When selecting AGN from extended objects in AGES, the vertical lines are used to reduce contamination from low-redshift star-forming galaxies.
One obvious question arises due to our mid-infrared selection of high-redshift quasars: does the population of mid-infrared selected quasars differ from quasars selected using more traditional optical techniques? The spectra in Figure 2 , though of only modest signal-to-noise ratio, show no obvious differences from objects presented in the literature and would suggest no strong difference between high-redshift quasars selected based upon their optical or mid-infrared colors. Figure 4 shows the I −z versus R−I color-color space for point sources observed in AGES as well as the color track of high-redshift quasars predicted using the Vanden Berk et al. (2001) SDSS quasar composite modified by the addition of absorption blueward of Lyα using the prescription of Songaila & Cowie (2002) . The three quasars discovered here reside in the region traditionally used to select quasars with z > 4.5 (e.g. Richards et al. 2002) further indicating that the quasars selected in this study are similar to those selected in the past. Both NDWFS J142516.3+325409 and NDWFS J142937.9+330416 lie quite close to the stellar locus in these colors, however, illustrating one of the main difficulties of traditional optical color selection techniques. Figure 3 . Additionally, the dashed line shows the expected colors of quasars at z > 4.8 predicted using the SDSS quasar composite (Vanden Berk et al. 2001) modified by the addition of absorption blueward of Lyα using the prescription of Songaila & Cowie (2002) . The three high-redshift quasars discovered in this work occupy the same location in color-color space used in the past to opticallyselect z > 4.5 quasars. At the same time, two of the three objects lie very near the stellar locus in this color-color space, illustrating one of the main difficulties in using optical colors alone to select high-redshift quasars. Figure 5 shows the spectral energy distribution from the observed B W -band to 24 µm (approximately restframe 600Å -3.7 µm ) for each of the high-redshift quasars identified in this work. Again, all three of these objects were selected based upon their midinfrared colors; the two lowest-redshift quasars were also selected based on their 24µm fluxes. For comparison, we have also plotted the average quasar SEDs from two studies in the literature; the top line shows the Elvis, Risaliti, & Zamorani (2002) radio-quiet quasar composite while the lower line shows the average SED of Spitzer-observed SDSS quasars from Richards et al. (2006b) . The broad photometric properties of the highredshift quasars are quite similar to each other as well as to the low-redshift composite spectra. The main difference between the low-and high-redshift objects is the lack of absorption due to neutral hydrogen at the highest frequencies in the composite spectra. The highest redshift object, NDWFS J142516.3+325409, shows a strong break between observed 4.5µm and 8.0µm , but this is likely due to poor signal-to-noise ratio in the 8.0µm photometry as this object is near the flux limit of the 8.0µm imaging. The rest-frame UV to optical color of NDWFS J142729.7+352209 is redder than the other two quasars studied here as well as both of the comparison composites, possibly indicating enhanced dust extinction in this object. Compared to a sample of 58 quasars at 3 < z < 3.5 from AGES, the rest-frame UV to optical color of NDWFS J142729.7+352209 is not unique; it falls well within the distribution of colors of lower-redshift objects. (2006b) . The high-redshift SEDs are very similar to each other and the low-redshift composites are broadly similar to the SEDs of the highredshift objects although the SEDs of the three z > 5 o bjects presented here have much stronger breaks in the blue from absorption from neutral hydrogen. The large ratio between the 4.5µm and 8.0µm flux of the highest-redshift object, NDWFS J142516.3+325409 is likely a result of low signal-to-noise ratio photometry as this object is close to the detection limit in that band. Figure 6 shows the optical versus mid-infrared colorcolor space for AGES point sources. In this color space, all three of the discovered z > 5 quasars are separated from the locus of low-redshift galaxies, Galactic stars, and z < 5 quasars. We show one possible selection method for high-redshift quasars by the dot-dashed line in Figure 6 . Within this region, the AGES source catalog contains 19 point sources with I < 22 mag; 14 of these were spectroscopically observed. Of these 14 targets, 9 objects are stars, 2 are lower-redshift (z = 2.11, 3.57) quasars, and 3 have z > 5. Assuming the 4 objects without redshifts are not located at high redshift, this selection results in a minimum efficiency of ∼ 17%, though with only 3 quasars, this efficiency measurement is rather uncertain. The large contamination from stars arises due to increasing photometric errors in the [3.6] − [4.5] colors as the stars approach the IRAC flux limit and thus much of the contamination could be mitigated with a deeper IRAC imaging survey.
DISCUSSION
The quasars reported here add three new lowluminosity, high-redshift quasars to the slowly growing catalog of these objects. All three of these objects are fainter than quasars at similar redshifts found in the SDSS, and NDWFS J142516.3+325409 is the lowest luminosity z > 5.8 quasar currently known. The number of these objects should grow quickly as the next generation of deep wide-area surveys are completed, opening the door to understanding the nature of low-luminosity quasars near the epoch of reionization.
As the number of low-luminosity z > 5 quasars is still small, the details of the luminosity function of these objects is poorly constrained. Extrapolating the Fan et al. (2001b) quasar luminosity function (QLF), determined using 3.5 < z < 5 quasars with −27.5 < M 1450 < −25.5, to higher redshifts and lower luminosities, we would expect a density of 0.28 deg −2 to the optical flux limit of the AGES spectroscopy or 2.2 quasars with z > 5 in the AGES survey area for a complete, optically limited, survey.
In order to estimate the effect of the IRAC flux limits on the expected number of quasars in our survey, we create a sample of 58 quasars at 3 < z < 3.5 from the full AGES catalog with existing FLAMEX photometry. These objects include quasars selected using the full suite of AGES selection techniques including X-ray, radio, or 24µm fluxes or their optical or mid-infrared colors and thus likely exhibit a broad range of broad-band photometric properties. We augment this sample with 17 quasars in the same redshift range listed in the SDSS Third Quasar catalog (Schneider et al. 2005 ) which were also detected in 2MASS. For each object in this sample, we convert the observed R − K s (or r − K s for SDSS quasars) to a rest-frame ultraviolet-to-optical spectral slope, α UO , by assuming the measured broad-band colors are the result of a pure power-law SED with f ν ∝ ν α . Next, we create a mock catalog of high-redshift quasars using the Fan et al. (2001b) QLF to assign each mock object a redshift and UV luminosity at 1450Å. The observed distribution of UV-to-optical spectral slopes defines the distribution of k-corrections that are applied to the mock catalog to convert the rest-frame luminosity at 1450Å to the observed flux at 3.6µm for each object. We then use the observed distribution of mid-infrared spectral indices, α MIR = 0.73±0.84, measured by Stern et al. (2005) , to assign each mock quasar a flux at 4.5, 5.8, and 8.0 µm . Finally, we apply the AGES mid-infrared flux limits and selection criteria to measure the fraction of high-redshift objects which are missed by the AGES midinfrared selection criteria. We find that approximately 35% of the mock quasars that pass the I < 22 mag optical flux limits are missed when the IRAC flux limits are included. It may be a concern that the addition of the SDSS quasars, which, unlike the AGES sample, were all selected based on their optical colors, may bias this estimate; we have verified that omitting these objects from the calculation does not affect the final completeness more than a few percent. It should be noted that the above calculation assumes quasars at z > 5 have the same broad-band photometric properties as z ∼ 3 objects; this assumption can only be tested after a large sample of high-redshift quasars with multi-wavelength photometry is collected. In the I < 22 AGES sample of 2153 mid-infrared selected objects, 83% of the targets obtained valid redshifts. Combining this 83% spectroscopic completeness with the effects of the mid-infrared flux limits, we estimate that our overall completeness is 54% and thus we would expect to find only 1.2 quasars at z > 5 for a QLF with a slope of Ψ ∝ L −2.6 . To then find three quasars is somewhat unlikely, since the Poisson probability of finding 3 or more objects when 1.2 are expected is only 12%. Figure 4 . The dashed line illustrates the color track of quasars above z ∼ 4.8. The z > 5 quasars are well-separated from the loci of low-redshift galaxies, stars, and lower-redshift quasars. The region defined by the dot-dashed line illustrates one way to select high-redshift quasars by combining optical and mid-infrared photometry. The minimum efficiency for selecting z > 5 quasars in this region is 17% with the largest portion of the cont amination arising due to stars with low signal-to-noise IRAC photometry which scatter to redder [3.6] − [4.5] colors. Deeper mid-infrared imaging would increase the color measurement accuracy, significantly reducing the stellar contamination and increasing the quasar selection efficiency.
Based on a sample of 12 quasars at z > 5.8, Fan et al. (2004) found that the high-redshift QLF was best fit by a steeper QLF (Ψ ∝ L −3.2 ) than that measured by Fan et al. (2001b) . If we instead use the best fit brightend slope and normalization from Fan et al. (2004) but keep the redshift evolution of the quasar number density determined by Fan et al. (2001b) , we would expect to find 6.2 quasars at z > 5 in a complete optically-limited survey of the AGES area. This value drops to 3.5 when the effects of our mid-infrared flux limits and spectroscopic incompleteness are added. This value agrees quite well with the 3 objects found in our survey, but, at this point, this agreement is only suggestive due to the small number of quasars in our sample and the small sample size and luminosity range used by Fan et al. (2004) to determine this QLF slope. Richards et al. (2006) found the QLF slope to evolve from β = −3.1 (where Ψ ∝ L β ) at z < 2.4 to progressively flatter slopes at higher redshift such that at z ∼ 5, one would predict β > ∼ −2.4. If the QLF at 5 < z < 6 is, indeed, as steep at L −3 , the trend measured by Richards et al. (2006) must break down beyond z ∼ 4.5, but a larger sample of low-luminosity objects is required to place any robust constraints on the evolution of the QLF to z ∼ 5.
We have shown that mid-infrared selection of quasars can be useful in the search for high-redshift objects to z ∼ 6, thus avoiding some of the key problems inherent in optically based high-redshift quasar searches. At z > ∼ 7, optical selection of quasars is impossible as the Lyα emission from objects at these redshifts is shifted out of the z ′ -band. In the near-infrared, the existing large area surveys (primarily 2MASS) are too shallow to detect even the brightest high-redshift quasars found by the SDSS. In the near future, the UKIDSS survey will image 4000 deg 2 of the sky to 3 mag deeper than 2MASS and should find about 10 quasars with 5.8 < z < 7.2 (Warren & Hewett 2002) . While near-infrared spectroscopy is ultimately the only means by which one can ensure any candidate is located at high redshift, the use of mid-infrared colors in the selection of these objects may provide a valuable tool in separating stars from quasars at the highest redshifts. Figure 7 illustrates the expected [3.6] − [4.5] color of quasars to z ∼ 8 based upon the locally determined SDSS quasar composite spectrum (Vanden Berk et al. 2001) . We also show the colors predicted from a powerlaw (α ν = −0.5) continuum with Balmer emission lines having the same strength and width of those measured on the SDSS composite spectrum.
As the strong emission from the Hα emission line redshifts into the 4.5µm band, the colors of quasars redden quickly near z ∼ 5. Correspondingly, the sudden drop in color at z ∼ 6.5 occurs as the strong Hα emission line redshifts out of the 4.5µm band; by z ∼ 7, the colors of high-redshift quasars redden as Hβ redshifts from the 3.6µm band into the 4.5µm IRAC bandpass. The overall trend toward bluer colors exhibited by the SDSS composite across this redshift range occurs as the IRAC passbands probe the transition between a spectral slope of α ν = −0.5 measured blueward of 5000Å and of α ν = −2.5 redward of this wavelength in the SDSS composite spectrum. This transition likely occurs due to contamination of the AGN light by the host-galaxy in the low-redshift AGNs used to construct the composite spectrum. This contamination makes the colors or a α = −0.5 power-law combined with the Balmer emission lines observed in the SDSS composite spectrum (dash-dot-dot-dot line). The color cut imposed by the mid-infrared selection of quasars in AGES is shown by the dot-dashed line. Longward of rest-frame 5000Å, the SDSS composite is dominated by low-luminosity AGNs and is likely heavily contaminated by host-galaxy light, making the colors slightly redder. For comparison, the location of the three z > 5 quasars discovered here are marked and the dotted lines on the right mark the colors of pure power-law spectra with different values of αν . The rapid rise at z = 5 occurs as the Hα emission line passes from the 3.6µm band into the 4.5µm bandpass. Similarly, as the Hα emission line redshifts out of the 4.5µm bandpass near z ∼ 6.5, the colors drop quickly; the colors become redder again near z ∼ 7 as the Hβ enters the 4.5µm bandpass. Even at very high redshifts, the colors of quasars predicted by both tracks fall within the region used to mid-infrared select quasars in our survey.
predicted using the Vanden Berk et al. (2001) composite generally redder than those expected using the simple model consisting only of a power-law continuum and Balmer emission lines. For both tracks, the mid-infrared colors of very high-redshift quasars remain redder than stars ([3.6] − [4.5] ∼ −0.5) and low-redshift galaxies throughout the redshift range shown. As the large number of deep, wide-area, Spitzer fields with corresponding deep optical and near-infrared photometry become available, the ability to build large samples of high-redshift quasars, including low-luminosity objects, will allow us, for the first time, to probe the statistics of low-luminosity quasars at high redshift.
